Abstract. Modern development of the construction industry involves accounting and assessment of operating conditions of structures. Excessive technological environmental impact can lead to economic losses and a decrease in the efficiency of investment projects in construction. Mobile sources emission record is an important component of the ecosystem state diagnosis in modern cities. For scientifically substantiated and reliable determination of the mass flow of the motor vehicles pollutants it is necessary to take into account the mixture formation and combustion of the working mixture in the internal combustion engine. The article describes the authors' approach to calculating the volumetric flow rate of exhaust gases based on the characteristics of the vehicle's transport operations available for operational control. Studies have shown that, when using a particular fuel, the determination of the volume flow rate of exhaust gases can be reduced to finding the power of the engine . In addition, the composition changes of the fuel (or fuel replacement) and the regulation of the effective power of the engine (by organization of traffic) allow to influence on the volume and composition of the emission of exhaust gases of vehicles and on the pollution of the urban environment in general. The results of the studies make it easier to calculate the mass of pollutant emissions by the transport stream into the outer air and can be used as preliminary data to assess the negative anthropogenic impact on the ecosystem.
Introduction
In the conditions of the ecological crisis, which is a characteristic of the majority of large cities of the Russian Federation, an important task of local administrations is the assessment of the environmental state in all spheres of anthropogenic activity. First of all, it is necessary to develop a system for monitoring the permissible level of negative impact on a densely resided urban population. Equally important is the environmental safety of MATEC Web of Conferences 196, 04065 (2018) https://doi.org/10.1051/matecconf/201819604065 XXVII R-S-P Seminar 2018, Theoretical Foundation of Civil Engineering buildings, both during construction and operation. An acceptable balance between economic activity and comfortable living conditions of organisms in urbanized landscapes can be achieved through the use of reliable information on environmental pollution. In this regard, it is important to estimate the mass emissions of vehicles and to have the ability of reducing the toxic and carcinogenic substances emission. The determination of the volume flow of exhaust gases should be considered an important stage of the calculation of pollutant emissions. This is a complex task that requires improving the methods of mathematical modeling of the processes of mixture formation and combustion of a working mixture, a modern experimental base, financing, etc.
The authors propose a method for calculating the volume flow rate of exhaust gases depending on the characteristics of the vehicle's transport operations available for operational control. Understanding the process of exhaust gases formation will allow to influence the composition of emissions of pollutants by motor vehicles and achieve the required quality of the urban environment.
Methods
Assessment of pollutants emission is based on the patterns of change in the volume flow rate of exhaust gases. Calculations are complicated by the use of inconvenient for monitoring engine characteristics: air pressure and temperature at suction (for unblown engines) and after the refrigerator and compressor (for pressure-charged engines), the polytropic index of air compression, etc. [1, 2] .
The air flow in the internal combustion engine can be represented by the formula [1] 
where Q в is the air-quantity flow, m 3 /s; k атм -factor taking into account atmospheric conditions, K / MPa; τ т -cycle (number of strokes) of the engine; p -air pressure at suction to the engine, MPa; T -air temperature at suction to the engine, K; k в -air consumption coefficient, taking into account the design features of the engine; V is the volume of cylinders, m 3 ; n -crankshaft speed, s -1 . For engines without blowing the cylinders with air, the filling factor of the cylinder  v is used instead of k в ; for engines with blowing of cylinders by air -blowdown factor .
Taking into account the equality of the molar volumes of any gases, the exhaust gases volume flow corresponding to the completeness of combustion of fuel has the form
where Q ОГ is the volume flow of exhaust gases, m 3 /s; β is the theoretical (chemical) coefficient of molecular change in the combustible mixture.
Combining formulas (1) and (2) one obtains an expression for calculating the volume flow of exhaust gases in a general form, m 3 /s
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where Н u is the value of the net calorific value of 1 kg (or 1 m 3 ) of fuel, J/kg (or J/m3);  з -charge density at the inlet, kg/m 3 ; η e -effective efficiency of the engine; α -coefficient of excess air; L 0 is the theoretically required amount of air in kmol for complete combustion of 1 kg of liquid fuel, kmol/kg, or for combustion of 1 kmol (or 1 m 3 ) of gaseous fuel, kmol/kmol (or m 3 /m 3 ) [1, 2] . During pressure-charged engines operating, air enters the cylinder from the compressor or cooler, so the air pressure and temperature (р к и Т к ) are taken at the exit of the compressor or cooler. In aspirate engines, the pressure and temperature of the air are denoted by р 0 and Т 0 . The charge density for engines with or without supercharging can be found from the expressions
where R is the gas constant per 1 kg of gas, R = (8312/μ) J/(kg•K) [3] (μ -mass of 1 kmol of gas, kg/kmol). The current value of the excess air factor is advisable to represent in relative units, i.e.  and N correspondingly. The transformation of α and N e into the parameters to be coded is carried out according to the formulas 
where N max and N min -the maximum and minimum engine power. Bearing in mind that N max corresponds to the nominal power N ном ,, W, and N min -idle power N xx , W, the current effective power value can be represented as
Results
We express η V Vn from (4) and substitute it in (3). Taking into account (5) and some approximations, we will represent the volume flow of exhaust gases of an internal combustion engine in a general form
Taking into account the formulas (6, 7), expression (8) is the following 
For different types of fuel the theoretical coefficient of molecular change in the combustible mixture is determined by formulas in Table 1 . 
Source of information
In formulas (7-9) H is the volume fraction of hydrogen in 1 kg of liquid fuel, kmol/kg. For liquid fuel, plus and minus signs refer to wet and dry exhaust gases, for gaseous fuels -to natural and generator gases, respectively. For pressure-charged engines, a total excess air ratio •α is used instead of α.
When driving cars in the urban cycle for diesel engines, one can take α > 1 and use formula (7) when determining ; for gasoline engines most often α ≤ 1 and  is calculated by formula (11).
In the expression (12), C n H m O r is the volume fraction of each gas entering into 1 kmol or 1 m 3 of gaseous fuel, kmol/kmol or m 3 / m 3 ; n, m, r is the number of carbon atoms (C), hydrogen (H), oxygen (O), respectively.
In practical calculations, it is convenient to use reference data for the quantities of theoretically required air quantity, lowest heat of combustion, and the average values of the elements that make up liquid and gaseous fuels. The average values of the constant characteristics of the composition of the fuel are given in Tables 2 to 4 . To simplify the calculations of the theoretical coefficient of molecular variation of the fuel mixture at the average values of the fuel composition characteristics (see Tables 2 to  4) , the dependences of  on the relative air excess ratio α are calculated [4] and represented (table 5) . 
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winter - 0,04 - 0,75 - 0,2 - - - - summer - 0,6 - 0,34 - 0,6 - - - -
Discussion
Under real conditions, the volume of gases is a mixture of combustion products of a fresh charge and gases not removed from the cylinder during the exhaust process. Quantitatively, the transformation of this parameter is taken into account by the actual coefficient of molecular change in the working mixture. Investigations [4] revealed a small discrepancy between the numerical values of the quantities when substituting the theoretical or actual coefficients of the molecular change in the working mixture. To preserve the logic in calculations with sufficient accuracy for practical calculations, one can use the theoretical coefficient of molecular variation of the working mixture (see Table 1 ). For engines operating on liquefied and compressed gaseous fuels, the values of the theoretical coefficient of molecular variation of the working mixture, depending on the relative coefficient of excess air (see Table 5 ), are practically constant and slightly different from one another in the entire range of changes in the operating conditions of the engine. 
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As it turned out, the exhaust gas volume flow rate depends neither on the pressure and temperature of the air at the intake and after the cooler and compressor, nor on the engine speed, nor even the volume of the cylinders. A factor that takes into account atmospheric conditions, the value of the net calorific value, theoretically the required amount of air for complete combustion of the fuel, the purge factor, the rated power and the idling power are of a reference nature. The theoretical coefficient of molecular variation of the working mixture, the excess air factor and the effective efficiency of the engine can be represented depending on the relative power. Thus, the determination of the volume flow of exhaust gases reduces to finding the relative power of the engine.
Conclusion
Computer experiments performed on the process models of mixture formation and combustion of the working mixture in the internal combustion engines of cars with an error permissible for practical calculations reflect the real nature of the negative impact on the urbanized territory. The calculated values of the exhaust gases volume flow, as well as in the whole mass of emissions of pollutants into the atmospheric air by motor traffic, can serve as a preliminary estimate of environmental pollution [6] .
